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axially displaceable between a first position, in which
the frusto-conical surface seals against the valve seat
and in which it is rotatable to control flow through the
valve, and a second position, in which it is withdrawn
into the chamber to provide clearance between the
mating surfaces of the plug and the seat but retaining
clearance between its wider end and the opposite sur-
face of the chamber so that all surfaces of the plug are
exposed for cleaning and sterilization.

6 Claims, 7 Drawing Sheets
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1
FILLING PACKAGING CONTAINERS

BACKGROUND OF THE INVENTION

This invention relates to a machine for filling packag-
ing containers with a flowable product. The product is
preferably a mixture of at least two flowable compo-
nents. Only two components will be mentioned herein-
after for the sake of clarity. The product may consist of
a first component in the form of a particulate solid mate-
rial suspended in a viscous liquid (hereinafter: solids),
and a second component in the form of a thin liquid, e.g.
water (hereinafter: liquid), each component being sup-
plied from a separate source. Naturally both the compo-
nents could be liquids but the terms “solids” and “lig-
uid” will be used for simplicity of description. Exam-
ples, among foodstuffs, of products suitable for packag-
ing according to the invention include heterogeneous
petfood products and soups containing solid matter
such as pieces of vegetables.

The invention is very suitable for aseptic filling pro-
cesses, using containers of synthetic plastics, rigid, semi-
rigid or flexible.

The aim of the invention is to avoid or at least to
mitigate the disadvantages of known filling machines,
some of which will be mentioned hereinafter.

SUMMARY OF THE INVENTION

The invention provides a machine for filling packag-
ing containers with a flowable product, the machine
comprising a control valve in the form of a plug valve
having a body defining a bore forming a frusto-conical
valve seat, a plug having a complementary frusto-coni-
cal surface, a valve chamber for pressurized fluid being
formed at the wider end of the plug, the chamber com-
municating with the bore, the plug being axially dis-
placeable between a first position, in which its frusto-
conical surface seals against the valve seat and in which
it is rotatable to control flow through the valve, and a
second position, in which it is withdrawn into the cham-
ber to provide clearance between the mating surfaces of
the plug and the seat but retaining clearance between its
wider end and the opposite surface of the chamber so
that all the surfaces of the plug are exposed for cleaning
and sterilization.

An important advantage of a filling machine having a
valve designed as stated above is that when the plug is
in the withdrawn position the whole valve can be thor-
oughly cleaned and sterilized without having to be
dismantled. A further advantage is the ability of the
above plug valve to compensate for any differential
expansion of the plug and its valve seat by the axial
adjustability of the plug built into the design of the
valve. This is of particular advantage when the seat
defining body and the plug are made of materials having
different coefficients of thermal expansion.

A further advantage of the plug valve is that the plug
and its seat are able to survive abrasive attack by rela-
tively hard particles in the products being filled by the
machine, e.g. bone or: gristle. Such particles have a
damaging effect on prior art valves sealed by elasto-
meric O-rings which are vulnerable to the action of
such particles, particularly when an “O” ring is slid past
a port during dismantling and assembly.

In a preferred embodiment the machine comprises
conduit means communicating with the valve chamber
for leading the pressurized fluid into and/or out of the
chamber. Preferably the conduit means serve for lead-
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2
ing the pressurized fluid into the chamber, and the fluid
leaves the chamber through the clearance between the
plug and its seat.

In a further preferred embodiment the machine com-
prises a first and a second pump for pumping, respec-
tively, a first and a second component of said product,
respective flow paths for the components between the
pumps and respective sterile sources of the components
and between the pumps and a common outlet for filling
the containers, wherein the plug valve is constructed
and situated to control the flow of the components
through the flow paths and is angularly displaceable
between a first position in which the first pump is in a
discharge mode and discharges the first component via
the plug into the outlet, and the second pump is in a
suction mode and fills itself with the second component
via the plug, and a second position in which the opera-
tion of the pumps is reversed.

Preferably each of the pumps is a singleacting recip-
rocating piston pump which comprises a cylinder, a
main piston and an auxiliary piston carried by a com-
mon piston rod, wherein the cylinder is fluid-tightly
divided by a rolling diaphragm into a main part contain-
ing the main piston and an auxiliary part containing the
auxiliary piston, the periphery of the rolling diaphragm
being attached to the cylinder and a central portion of
the diaphragm is attached to the auxiliary piston to be
displaced thereby.

In an advantageous embodiment the main part of the
cylinder has a pumping portion the diameter of which is
complementary to the diameter of the main piston, and
a withdrawal portion which merges into the pumping
portion but is of a larger diameter than the latter, the
pump being so designed that in its pumping mode the
main piston is reciprocable within the pumping portion,
while outside the pumping mode the main piston may be
withdrawn into the withdrawal portion where all its
surfaces are exposed for cleaning and sterilization.

.DRAWINGS

The invention will now be described, by way of ex-
ample only, with reference to the accompanying dia-
grammatic drawings showing an aseptic filling machine
for filling a succession of plastics pots with a product,
the machine comprising two piston pumps and a plug
valve. In the drawings:

FIG. 1 is a simplified cut-away isometric view of the
machine in its solids filling mode;

FIG. 2 shows a plug of the valve in the solids filling
mode;

FIG. 3 shows the machine in its liquid filling mode;

FIG. 4 shows the plug in the liquid filling mode;

FIG. § is a side elevation, partly in section, of the
machine in its liquid filling mode;

FIG. 6 is a plan to FIG. §;

FIG. 7 is an axial section of one of the pumps;

FIG. 8 shows the machine in its cleaning mode; and

FIG. 9 is a section side elevation showing the ma-
chine in its sterilization mode with the plug of the valve
and pistons of the pumps withdrawn.

DETAILED DESCRIPTION

At the filling station (FIGS. 1 and 3) an indexing
conveyor (not shown) carries a series of pot carriers 10
horizontally, below a main baseplate 12 of the aseptic
filling machine. The region below the baseplate 12 is
enclosed and supplied with sterile air so that the pots 14
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receive the product components through a filling nozzle
26 which has a vertical axis, is provided with a flared
outlet and is mounted in a hole 16 in the baseplate 12 in
a sterile environment. However the outlet need not
necessarily be flared as shown; for example a cylindrical
outlet may be used. The product components reach the
nozzle 26 through the sterilized interior of the machine,
which is mounted on top of the baseplate 12.

The product components, namely the solids 18 and
liquid 20 (both as hereinbefore defined) are supplied
sequentially to the pot 14 by a reciprocating solids me-
tering pump 22 and liquid metering pump 24, and do not
become mixed until the liquid is added to the solids
already in the pot 14. Each of the pumps 22, 24 is sub-
stantially a single-acting piston pump.

The machine includes a rotary plug valve 30 (FIGS.
1, 3, 5, 8 and 9) which acts both as a control valve and
a cut-off valve, The valve comprises a body or housing
28 provided with a tapered bore 29 which forms a frus-
to-conical valve seat accommodating a complementa-
rily tapered plug 32 to enable a plain surface-to-surface
sealing. between ports without the use of additional
elastomeric seals. If desired, an “O" ring or other elasto-
meric seal may be provided adjacent the wider end of
the conical plug wall because, in this location, it will
never have to pass a port during assembly or disman-
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tling. The tapered bore 29 is open at its small-diameter

front end and extends axially past the plug 32 at its
large-diameter rear end where it is closed by a plate 38,
whereby a valve chamber 31 is formed behind the plug
32. The plug 32 has a stem which passes through the
chamber 31 and serves for angular and axial displace-
ment of the plug 32 as hereinafter explained. A channel
35 opens into the chamber 31 for leading pressurized
fluid into (and/or out of) the chamber 31.

Both the housing 28 and the plug 32 may be made of
the same material, e.g. metal, or from different materi-
als, for instance from different metals or one of them
may be of plastics and the other of metal.

The vertex angle of the tapered plug 32, which has
the shape of a frustrum of a right circular cone, is in the
range of 15° to 45°, preferably 20° to 25°, and its axis
extends to the bottom surface of the housing 28 (and
also the top and bottom surfaces of the baseplate 12) at
an angle corresponding to one half of the vertex angle,
i.e. to an angle between the axis of the plug and any of
the generators of its surface. As a consequence, the
portion of the housing 28 between the plug 32 and the
baseplate 12 below the axis of the plug 32 is uniformly
thick. The axis of the nozzle 26 and the axis of the plug
32 intersect each other.

The valve 30 is designed to control and cut off the
flow of both the solids 18 and liquid 20 and conse-
quently comprises two separate flow systems, namely a
solids flow system and a liquid flow system.

The solids flow system comprises a first chamber 46
which extends axially, is open at the narrow front end of
the plug 32 and communicates with a radial port 48 in
the side of the plug 32. The solids flow system also
includes an inlet port provided in the housing 28 and
communicating with the outlet end of a solids feed pipe
52 the inlet end of which communicates with a sterile
source of solids (not shown).

The liquid flow system comprises a second chamber
42 which communicates directly with ports 40 and 44
and via a longitudinal passage 54 (FIG. 5) with a port 46
in which a spray nozzle 58 provided with a plurality of
small openings therethrough is detachably secured by a
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long stud 60. The purpose of the small openings is to
prevent undesirable outflow of the liquid after com-
pleted discharge stroke of the liquid metering pump 24.
The ports 40, 44 and 56 are radial ports in the side of the
plug 32. In the illustrated embodiments the axes of the
ports 40 and 44 are contained in a first radial plane of the
plug 32 and are spaced through an angular distance o,
while the ports 48 and 56 are contained in a second
radial plane of the plug 32 and are spaced through an
angular distance o. In the illustrated example the radial
distance o is 90°. The liquid flow system also includes
ports 88 and 37 provided in the housing 28 and spaced
through an angular distance o. The port 37 is an inlet
port communicating with the outlet end of a liquid feed
pipe 36 the inlet end of which communicates with a
sterile source of liquid (not shown).

Both the flow systems have a common outlet port 49
in the housng 28. The outlet port 49 communicates with
the filling nozzle 26.

As seen in FIGS. 1, 3, 5, 8 and 9, the solids metering
pump 22 is mounted on the base plate 12 via a hollow
mounting block 84. The block 84 is provided with a
conduit 15 which communicates at one end with the
open end of the tapered bore 29 and thereby with the
chamber 46 and at the other end, via a valve (not
shown) with an outlet (not shown). The block 84 is
further provided with a profiled port 86 which is offset
from the axis of the pump 22 and through which the
pump 22 communicates with the conduit 15. The liquid
metering pump 24 communicates through the port 88 in
the housing 28 with the tapered bore 29.

The plug 32 is rotatably displaceable through an an-
gular distance o between two angular positions by a
suitable rotary actuator 34 (FIG. 5). These two posi-
tions are a first position, shown in FIGS. 1 and 2, and a
second position shown in FIGS. 3, 4 and 5. In both
positions, the chamber 46 in the plug 32 communicates
with the conduit 15 and thereby, via the port 86, with
the pump 22.

When the filling machine is in its solids filling mode
(FIG. 1), the plug 32 is in the first position, in which the
port 40 is aligned with the inlet port 37 while the port 44
is aligned with the port 88, so that the liquid feed pipe 36
communicates via the ports 37 and 40, the chamber 42
and the ports 44 and 88 with the liquid metering pump
24 which is in the suction mode so that the liquid 20 is
supplied thereto from the sterile source of liquid. In this
position the port 56 is sealed off by the surface of the
tapered bore 29. At the same time, the port 48 is aligned
with the outlet port 49 so that the filling nozzle 26 com-
municates with the solids metering pump 22 which is in
the discharge mode and consequently is delivering
solids 18, via the port 86, conduit 15, chamber 46, outlet
ports 48 and 49 and the nozzle 26, into the cup 14 below
the nozzle 26. _

When the delivery of solids into the cup 14 is com-
pleted, the filling machine is switched over to its liquid
filling mode (FIGS. 3 and 5). For this purpose the core
32 is rotated to the second position as indicated by
arrow 50 in FIG. 4. In this position the port 48 is aligned
with the inlet port 53 so that the solids feed pipe 52
communicates via the ports 53 and 48, the chamber 46,
conduit 15 and port 86 with the solids metering pump
22, which is now in the suction mode so that the solids
18 are supplied thereto from the sterile source of solids.
In this position the port 40 registers with the port 88, the
port 44 is sealed off by the surface of the tapered bore
29, and the port 46 is in register with the outlet port 49
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so that the filling nozzle 26 communicates with the
liquid metering pump 24, which is in the discharge
mode and consequently is delivering liquid 20, via the
ports 88 and 40, chamber 42, the passage 54, ports 56
and 49, and the nozzle 26, into the cup 14 which has
been filled with solids.

The port 86 is preferably designed to direct the solids,
without blockage, in the direction towards the valve 30
when the pump 22 is discharging.

When delivery of the liquid stops, the filling machine
is switched over to its solids filling mode. For this pur-
pose the plug 32 is rotated in the opposite direction (see
arrow 62, FIG. 2), to restore it to its first position. In-
dexing of the pot carriers 10 to present a new empty pot
14 to the nozzle 26 takes place before the plug 32 is
rotated, after which the new pot 14 is filled with solids
and then liquid as described above.

As is apparent from the preceding description, mixing
takes place in the container 14 itself and not normally in
the filling machine (though an arrangement is not ex-
cluded in which, while one pump is being charged, two
or more other pumps are simultaneously discharging
into the container via a common mixing chamber in the
control valve or upstream of it).

In the case where two pumps 22, 24 are used, each
pump is being charged (suction mode) while the other is
being discharged (discharge mode), movement of the
control valve plug 32 between its two positions being
timed so as to bring, at or just after the end of the charg-
ing stroke of the pump being charged, that pump into
communication with the container. This gives a “see-
saw” action to the pumps, and enables mixed products
to be packaged quickly.

The two pumps 22 and 24 are preferably of generally
similar construction, for example as shown in FIG. 7,
having a cylinder 64 formed from an upper block 66 and
a lower block 68. The latter is tapered at its top end (as
shown at 70) to a larger bore, the upper block 66 having
the same larger bore. At the taper 70 is a radial inlet and
outlet connection 72 for communicating with the lower
block 68 of the cylinder 64. The cylinder is divided into
an upper part and a lower part by a rolling diaphragm
74 whose outer flange is clamped between the two
cylinder blocks 66, 68 and whose top surface is at its
central portion secured to an upper piston 76 which
supports the diaphragm 74 and is situated above it.
Piston 76 is carried on a piston rod 78 having a working
piston 80 at its front end. The piston 80 has sliding seals
82 and slides in the reduced bore of the lower cylinder
block 68. Due to this arrangement the upper piston 76 is
always contained in the upper part, while the working
piston 80 is always contained in the lower part.

The seals 82 provide primary sealing against ingress
of product into the cylinder 64 above the piston 80, and
greatly reduce the chance of damage to the diaphragm
74 by abrasive elements in the product. The diaphragm
74 itself not only provides a secondary seal against in-
gress of product, but also serves as a barrier between the
sterile lower part of the cylinder 64 and its upper part
which is not in a sterile environment. Sterile fluid, such
as sterile air, is introduced during normal operation
through the connection 72 into the sterile lower part of
each cylinder between the diaphragm 74 and the piston
80 not only to keep that part sterile but also to prevent
the product component pumped therein from getting

past the piston 80 and its seals 82 above the piston 80. .

Each pump 22, 24 has a transverse yoke 90 mounted
on its piston rod 78 and coupled with a double-acting
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6

fluid actuator 92 to raise and lower its pistons 76, 80.
The length of the piston stroke of each pump 22 and 24
is adjustable independently by any suitable means. FIG.
5§ shows one possible arrangement, in which the upper
limit is set by a stop 94 adjustable by a manual wheel 96.
An actuator 98 for each pump controls a plate 100 piv-
oted at 102 on a fixed bracket. When in the position
shown in FIG. 5, the plate 100 prevents the yoke 90
from rising until such time as it is necessary to raise the
piston clear of the narrower base for sterilizing.

Periodically the equipment needs cleaning and steril-
izing. FIG. 8 shows the cleaning mode, in this example
by washing (though steam purging may be used in-
stead). Washing fluid is introduced simultaneously
through the feed pipes 36, 52, which are temporarily
disconnected from the sterile sources of liquid and
solids and are connected to a source of washing fluid,
and the plug 32 is oscillated repeatedly back and forth
between its two positions, while the pistons 80, 76 of the
pumps 22, 24 are reciprocated repeatedly up and down.
Wash effluent escapes through the conduit 15 (to the
left in FIG. 8) and through the nozzle 26.

During the last part of the washing phase, the plug 32
is withdrawn in the direction of arrow 33 axially to
provide clearance between the mating surfaces of the
plug 32 and bore 29 but retaining a clearance between
the rear face of the plug 32 and the closing plate 38, so
that all surfaces of the plug 32 are exposed for cleaning
and subsequent sterilisation. Also, both the working
pistons 80 are withdrawn, i.e. raised above the level of
the tapers 70 into their enlarged chambers to the same
position as shown in FIG. 9, to provide clearance be-
tween the pistons 80 with their seals 82 and the inner
surface of the cylinder 64. Sanitizing fluid is then intro-
duced under pressure so that it contacts all internal
surfaces and penetrates as far as the diaphragms 74. The
steps used in the cleaning mode (washing, rinsing, sani-
tizing) and the fluids used therefor depend on the prod-
uct components used for filling. After non-greasy com-
ponents washing with a washing fluid might be satisfac-
tory.

After completed washing and with pistons 80 and
plug 32 retained in their withdrawn positions steriliza-
tion can be carried out as shown in FIG. 9. For this
purpose steam is introduced through the channel 35 into
the chamber 31 and from there flows around the plug 32
and around the pistons 80 and leaves through the con-
nections 72. While cleaning is performed after filling
shift, sterilization is performed before a filling shift.

We claim:

1. A machine for filling packaging containers with a
flowable product wherein the product has first and
second components, the machine comprising a control
valve in the form of a plug valve having a body defining
a bore having a frusto-conical valve seat, a frusto-coni-
cal plug having a frusto-conical surface, said valve seat
having a frusto-conical surface complementary with
said plug, a valve chamber for pressurized fluid being
formed at the wider end of the plug, the chamber com-
municating with the bore, the plug being axially dis-
placeable between a first position, in which its frusto-
conical surface seals against the valve seat and in which
it is rotatable to control flow through the valve, and a
second position, in which it is withdrawn into the cham-
ber to provide clearance between the surfaces of the
plug and the seat but retaining clearance between its
wider end and the surfaces of the chamber so that all
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surfaces of the plug are exposed for cleaning and steril-
ization.

2. A machine according to claim 1 comprising con-
duit means communicating with the valve chamber for
leading the pressurized fluid into and/or out of the
chamber.

3. A machine according to claim 1 or 2 wherein the
product has two components and wherein the plug
comprises two separate flow paths for discretely direct-
ing the flow of each of said two components of the
flowable product therethrough.

4. A machine according to claim 1 comprising a first
and a second pump for pumping, respectively, said first
and second components of said product, where the first
and second components are of first and second sterile
sources, and the machine is provided with a common
outlet for filling the containers, respective flow paths
for the components between the pumps and said respec-
tive sterile sources of the components and between the
pumps and said common outlet for filling the contain-
ers, wherein the plug valve is constructed and situated
to control the flow of the components through the flow
paths and is angularly displaceable between a first posi-
tion in which the first pump is in a discharge mode and
discharges the first component via the plug into the
outlet, and the second pump is in a suction mode and
fills itself with the second component from the second
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source via the plug, and a second position in which the
operation of the pumps is reversed such that the first
pump is in a suction mode and the second pump is in a
discharge mode.

5. A machine according to claim 4 wherein each of
the pumps is a single-action reciprocating piston pump
which comprises a cylinder, a main piston and an auxil-
iary piston carried by a common piston rod, wherein the
cylinder is fluid-tightly divided by a rolling diaphragm
into a main part containing the main piston and an auxil-
iary part containing the auxiliary piston, the periphery
of the rolling diaphragm being attached to the cylinder
and a central portion of the diaphragm is attached to the
auxiliary piston to be displaced by the auxiliary piston.

6. A machine according to claim 5 wherein the main
part of the cylinder has a pumping portion, the diameter
of which is compiementary to the diameter of the main
piston, and a withdrawal portion, which merges into the
pumping portion and is of a larger diameter than the
pumping portion, each said pump being so designed that
it has a pumping mode in which the main piston is recip-
rocable within the pumping portion, while outside the
pumping mode the main piston may be withdrawn intc
the withdrawal portion in which its surfaces are ex-

posed for cleaning and sterilization.
* £ x %X =
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